In this study the monitoring results of prototype installation of a recently developed solar combisystem have been evaluated. The system, that uses a water jacketed pellet stove as auxiliary heater, was installed in a single family house in Borlänge/Sweden. In order to allow an evaluation under realistic conditions the system has been monitored for a time period of one year.
INTRODUCTION
Solar heating systems that provide domestic hot water and space heating, so called solar combisystems, have become more and more popular in the Middle and Northern European countries. Solar combisystems usually require an auxiliary heat source to be able to provide enough heat even in the seasons with low solar irradiation. In Sweden, electrical heaters and wood boilers are typically used as auxiliary heaters in solar combisystems. In recent years wood pellet boilers and stoves have also become a good alternative. The design of solar combisystems has been studied intensively in the IEA-SHC Task 26 "Solar combisystems". A number of systems have then been, based on system simulations, optimised and improved. The results from Task 26 including a variety of technical reports and design tools are available for the public (6) .
Within the Nordic research project REBUS a new combined solar and pellet heating system for the Nordic market has been designed, built and tested (4) . During this project typical existing system solutions for this combination have been investigated by the help of measurements and computer simulations (2) . It has been shown that these system solutions, due to their design and size, are often not suitable for typical Swedish houses without heating room. Also the thermal performance, such as heat losses and solar savings, offered potential for improvements. These finding have been included for the design of the new system. The first prototype of the REBUS system was tested intensively in the lab. The second improved prototype was installed in a single family house and has been monitored for a time period of one year.
SYSTEM DESCRIPTION
The REBUS system concept consists of two compact units; the solar store unit and the technical unit that contain the hydraulic components including the pellet boiler and an auxiliary store for the hot water production (see also figure  2 ). Both units are built in cabinets of 60cm x 60cm (width, depth) which are the standard dimensions for kitchen and bathroom units like refrigerators and washing machines. The system uses a 12 kW water jacketed pellet stove with an internal water volume of 20 litre. The stove heats an auxiliary standby store and the upper part of the solar buffer store. The solar store comprises a water volume of 360 litre and has, due to high efficient vacuum insulation at the hottest parts of the store, a low UA-value of about 1.8 W/K. The solar system can provide heat to both stores. Instead of the separate water jacketed pellet stove, an integrated or separate pellet boiler can be used without any changes in the hydraulic layout. The system is equipped with one central controller with a specifically developed software for the control for all system components except the pellet stove. A detailed description can be found in (2). In July 2006 a prototype of the REBUS system was installed in a single family house in Borlänge/Sweden that had earlier been heated with electrical radiators. In the main house these heaters were replaced by water based radiators. First the two units were installed without a pellet heater. In the middle of October 2006 the water jacketed pellet stove was added in the living room where a chimney was accessible.
Up until this point a 6 kW electrical heater in the 80 litre standby store in the technical unit was used as the auxiliary heater. The stove has an integrated 38 kg pellet store which is fed manually by the owners (see Figure 1 , left). The technical and store units were installed in a small room that earlier was used as a second bath room. (see Figure 1 , middle). The collector field of 10 m 2 ( Figure 1 , right) consists of four modules of Svesol premium AR with a standard rated output of 465 kWh in Stockholm at constant 50°C. It was placed on the main roof facing 40°E with a slope of 40°. The air flow through the stove has not been measured. Instead, the measured values from the lab for the stove efficiency have been used to calculate the flue gas heat losses based on measured pellet use. Heat transferred from the stove directly to the building was calculated as the balance of the pellet energy and the flue gas losses together with the measured heat transferred to the water loop. Two separate electrical meters were installed to log the electricity consumption of the system and the electrical auxiliary heater. A simple pyranometer has been used to measure the solar radiation. A number of temperature sensors have been installed to give additional information about the status of the system components and the functioning of the system. Figure 2 shows the REBUS system schematic with sensor positions. The electrical meters and the pyranometer are not shown. The data were logged using a Campbell CR10 data logger with attached multiplexers. Average data values were stored with an interval of one minute. The owner has kept good records of bought energy for the year previous to the installation, and these values are presented in some of the figures. The amount of wood used was estimated by the user and the tiled stove was assumed to have an efficiency of 50%.
MONITORING RESULTS
In Figure 3 the heating energy supply for the building is presented from January 2006 to June 2007. The data before the installation of the REBUS system are calculated from the readings of the house owner from the main electrical meter and his records of wood use. The electricity for heating has been calculated based on measured household electricity in 2007. It can be seen that almost all bought electricity for heating was replaced by pellet and solar energy. About 200 kWh electricity were used by the electrical back up heater in the standby store in October 2006. The pellet stove was installed in the middle of October and not enough solar radiation was available, which explains the use of the electrical heater that month. Some electricity was also used in December 2007. Reason here was that the 80 litre standby volume heated by the pellet stove was too little to cover the peak heat demand so that the electrical heater in the standby store was backing up the heating. This has also caused a high number of starts and stops with stove run times often not more than one hour. Consequently in the end of December 2006, the hydraulics have been modified so that also the upper third of the solar store, which is connected in serial with the standby store, is heated by the boiler. This increases the standby volume to in total 200 litres. As a result of this modification it can be seen that the number of starts and stops have decreased drastically (Figure 4) . The average run time increased to about 3 to 4 hours per start. Due to the longer run time of the stove also the proportion of the useful heat delivered from the stove to the water jacket has increased from 61% in December to 67% in January. This is still lower than the average 80% for the combustion range that is has been measured for the stove at the Austrian test institute BfL (1). During one year the solar collectors have delivered about 2529 kWh which is a reasonable value considering the small solar store volume, the non-optimal orientation of the solar collectors and the low heat demand. In terms of bought energy this gives a solar fraction of 19%. The newly developed solar combisystem has been monitored for one year. For the most part the system is working as expected. All loops and components are properly controlled by the new controller software. Only some fine adjustments of some parameters were necessary. Most adjustments were necessary for the settings of the pellet stove controller to ensure a proper interaction with the main system. A modification of the hydraulic connections was done to increase the buffer volume of the pellet stove. Using only the 80 litre volume of the standby store led to very short run times and many starts of the stove. After the change the run times of the stove increased and the number of starts and stops decreased drastically. Similar findings have been reported also in other studies (3; 5) .
From the annual energy values in Table 1 With a primary energy factor of 0.4 for electricity the total system efficiency is 0.83. Including also the parasitic electricity consumption of pumps, valves etc. decreases the system efficiency to 0.74. The parasitic electricity of 680 kWh accounts for almost 5 % or the total energy input to the system. It is obvious that the parasitic electricity consumption should be reduced e.g. by the use of more efficient pumps which stand for the main part of the parasitic consumption.
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